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tively permeable membrane (1 6a) that separates the air 



to cool air extracted from an engine (1) before feeding flowing through an air flow path of the air conditioner 

It into a cabin (8). This extracted air Is mixed with reclr- into nitrogen-enriched gas and oxygen-concentrated 

culation air that is returned to the cabin (8) after flowing air The nitrogen-enriched gas is capable of being fed 
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air and the extracted air is fed Into an air separating sec- oxygen-concentrated air is capable of being fed into the 

tion (16). This air separating section (16) has a selec- cabin (8). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an air condi- 
tioner that controls the internal temperature, oxygen 
partial pressure and pressure of aircraft, including fixed- 
wing aircraft and rotating-wing aircraft and that supplies 
air of reduced oxygen concentration to the fuel system. 

DESCRIPTION OF THE RELATED ART 

[0002] As air conditioners in aircraft, conventionally 
air cycle cooling devices are chiefly employed in which 
temperature-adjusted and pressure-adjusted cooled air 
is obtained by using a radial compressor to perfonn ad- 
iabatic compression of extracted air compressed in a 
compression section of an engine after subjecting the 
air to heat exchanging with external air for cooling, and 
by using an expansion turbine to perform adiabatic ex- 
pansion of the air after subjecting the adiabatic com- 
pressed air to heat exchanging with external air for cool- 
ing. 

[0003] Some military aircraft are provided with an 
OBIGGS (on board inert gas generation system) where- 
by nitrogen gas or air of elevated nitrogen concentration 
is Injected Into the fuel tank in order to prevent explosion 
in the event of the fuel tank being hit during a mission. 
Also, accident investigations of civil aircraft in recent 
years have revealed occurrences of fire when sparks 
generated from on-board wiring etc have ignited a mix- 
ture of air and fuel vapor accumulated in the space with- 
in fuel tanks. In order to prevent such fires, adoption of 
the above OBIGGS in civil aircraft is being studied. 
[0004] This OBIGGS comprises an air separation 
section having a function of separating air constituents. 
In one type of air separation section, a selectively per- 
meable membrane is employed whose permeability for 
nitrogen is higher than its permeability for oxygen. Ni- 
trogen-enriched gas is generated by introducing air ex- 
tracted from the engine to this selectively permeable 
membrane. 

[0005] In the conventional aircraft air conditioner 
shown in Figure 14, air extracted from engine 101 is 
cooled by a heat exchanger called a pre-cooler 1 02 be- 
fore being practically adiabatically compressed by a ra- 
dial compressor 1 03; the air which has thereby been 
raised in temperature is cooled by a heat exchanger 
called a main cpoler 1 04 and practically adiabatically ex- 
panded by expansion turbine 1 05. Cooled air is thereby 
obtained. In this pre-cooler 102 and main cooler 104, 
cooling is performed by external air passing through ram 
air flow path 1 09. The expansion work of this expansion 
turbine 105 is utilized as compressive power by being 
transmitted to compressor 103 through shaft 106. It 
should be noted that when the aircraft is on the ground 
or in low-level flight, the external air temperature is high 
and the moisture content of the air is high, so when ex- 



pansion takes place in expansion turbine 105, moisture 
in the air condenses and a mist of water droplets is 
formed. A water separator 107 is therefore arranged 
downstream of expansion turbine 105 to capture the 
5 moisture. Cabin cooling is perfomned by supplying the 
cooled air that has passed through this water separator 
107 to the interior of cabin 108, including the cockpit 
space of the aircraft. If the engine is stopped while the 
aircraft is on the ground, it is arranged to be possible to 
10 supply extracted air from a high-pressure air supply unit 
such as an auxiliary engine called an auxiliary power 
unit, instead of engine 101, to the air conditioner. 
[0006] In order to perfonn cabin heating at high alti- 
tude etc, a bypass air flow path 111 is provided to feed 
^5 air extracted from engine 1 01 into cabin 1 08; this bypass 
air flow path 1 11 is opened/closed by means of a hot-air 
modulating valve 112. Some of the extracted air is fed 
to a mixing duct 1 1 3 arranged downstream of water sep- 
arator 1 07 instead of being cooled by the air cycle cool- 
ing device constituted by compressor 103 and expan- 
sion turbine 105, by opening this hot-air modulating 
valve 112. In this mixing duct 113, extracted air cooled 
by the air cycle cooling device and extracted air that has 
not been cooled are mixed. Air of a suitable temperature 
is thus obtained by adjusting the degree of opening of 
hot-air modulating valve 1 1 2. Cabin heating can be per- 
formed by supplying this air of suitable temperature Into 
cabin 108. When cruising at high altitude, the ram air 
flow path 109 is throttled, so the air extracted from en- 
gine 101 is kept in a moderately high temperature since 
it is not excessively cooled in pre-cooler 102 or main 
cooler 104. The air within this cabin 108 is discharged 
directly into the space 1 14 outside the fuselage through 
pressure reducing valve 110 in an amount correspond- 
ing to the difference obtained by subtracting the amount 
of leakage from the fuselage from the amount supplied 
by the air conditioner. 

[0007] The conventional OBIGGS is provided with an 
air separation section 116 independent of the air cycle 
cooling device constituted by the compressor 103 and 
the expansion turbine 1 05. Specifically, a branch air flow 
path 111a is provided so that the extracted air passing 
through the pre-cooler 102 is branched before being fed 
into the air cycle cooling device, and an air separating 
section 1 1 6 is provided in this branch air flow path 111a. 
This air separating section 116 is constituted by cover- 
ing a selectively permeable membrane 1 1 6a comprising 
a large number of hollow fibers with a housing 11 6b. The 
pemneability for nitrogen (N2) and carbon dioxide (CO2) 
in the air of this selectively pemneable membrane 116a 
Is made higherthan Its pemneability for oxygen (O2). The 
extracted air of engine 101 is separated into nitrogen- 
enriched gas passing through this selectively pemnea- 
ble membrane 1 1 6a and the remainder, oxygen-concen- 
trated air. The nitrogen separating ability of this selec- 
tively pemieable membrane 116a varies in accordance 
with the extracted air pressure. The nitrogen-enriched 
gas is supplied into a fuel peripheral region 115 such as 
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the Interior of the fuel tank or fuel pipe setting region, 
and the remain of the gas that Is supplied to the region 
1 1 5 more than need is discharged to the space 1 1 4 out- 
side the fuselage through a discharge flow path. The ox- 
ygen-concentrated air that has not permeated through 
the selectively penneable membrane 116a is dis* 
charged Into the space 114 outside the fuselage from a 
pressure reducing valve 110a. 
[0008] The conventional air separating section 116 is 
provided independently of the air cycle cooling device 
constituting the air conditioner. The air of raised in oxy- 
gen concentration obtained by separating the nitrogen 
by means of the air separating section 116 is therefore 
wasted without being effectively utilized. Furthermore, 
if both the air cycle cooling device and air separating 
section 116 are employed in parallel, the engine load is 
increased due to increase in the amount of air extracted 
from the engine. 

[0009] Since the engine output is throttled during the 
descent of the aircraft, the pressure of extracted air from 
the engine is lowered. When this extracted air pressure 
drops, the nitrogen separating ability of the selectively 
permeable membrane 116a drops. Furthermore, fuel Is 
consumed and the empty volume within the fuel tank 
becomes large when the aircraft descends after cruis- 
ing, in which a large amount of nitrogen enrrched gas 
becomes necessary. As a result, supply of the nitrogen- 
enriched gas required becomes insufficient. 
[0010] Furthermore, the air supplied into the cabin 
1 08 by the conventional air conditioner is discharged to 
outside the fuselage. That Is, since the internal pressure 
of the cabin 108 is higher than the pressure outside the 
fuselage at high altitudes, the air having this pressure 
difference is wasted without being effectively utilized. 
[0011] An object of the present invention is to provide 
an aircraft air conditioner capable of solving these prob- 
lems. 

SUMMARY OF THE INVENTION 

[0012] An aircraft air conditioner according to the 
present Invention wherein air extracted from an engine 
is cooled by a cooling device and fed into the cabin of 
the aircraft, comprising: an air separating section having 
a selectively permeable membrane arranged at a posi- 
tion through which air flowing in an air flow path of the 
air conditioner passes, so that it separates the air into 
nitrogen-enriched gas and oxygen-concentrated air, 
wherein the nitrogen-enriched gas can be fed into a fuel 
peripheral region of the aircraft, and this oxygen-con- 
centrated air can be fed into the cabin. Preferably there 
is provided a recirculation air flow path through which 
air flowing out from the cabin is retumed to the cabin, 
wherein the recirculation air flow path and the air flow 
path of the extracted air from the engine are connected 
to each other such that the recirculation air that is re- 
turned to the cabin after flowing out from the cabin is 
mixed with the extracted air, and the mixture of the re- 



circulation air and the extracted air is fed into the air sep- 
arating section. 

According to the present invention ^ the oxygen- 
concentrated air from which nitrogen is separated by the 
5 air separating section is effectively utilized by being re- 
turned to the cabin. Also, when both the cooling device 
and air separating section are employed at the same 
time, the engine load can be reduced by restricting the 
increase of the amount of air extracted from the engine. 
10 [0013] Preferably the cooling device comprises a 
compressor and an expansion turbine, and the mixture 
of the recirculation air and the extracted air is fed into 
the air separating section after being compressed by the 
compressor of the cooling device. 

In this way, by utilizing the compressor of the cool- 
ing device, the pressure of the mixture of the recircula- 
tion air and the extracted air can be raised to the nec- 
essary pressure for separating the air constituents by 
the selectively penneable membrane of the air separat- 
ing section. 

In this case, preferably a normally open air flow 
path is provided for feeding air from the compressor to 
the expansion turbine, some of the air flowing through 
the nonnally open air flow path is fed into the air sepa- 
rating section through a branching flow path of the nor- 
mally open flow path, the permeability for oxygen of the 
selectively permeable membrane Is made higher than 
the permeability for nitrogen thereof, and oxygen-con- 
centrated air passing through the selectively permeable 
membranes can be introduced Into the cabin without 
passing through the expansion turbine. In this way, ox- 
ygen-concentrated air that has been reduced in pres- 
sure by passing through the selectively permeable 
membrane can be introduced into the cabin without 
passing through the expansion turbine, and air that has 
passed through the normally open flow path reduces the 
drop in pressure between the outlet of the compressor 
and the inlet of the expansion turbine, so lowered effi- 
ciency of the air cycle cooling device can be prevented. 
[0014] Preferably there is provided a compressor for 
compressing prior to mixing by which the recirculation 
air Is pressurized prior to the mixing with the extracted 
air. In this way, the recirculation air is pressurized to the 
same degree as the extracted air pressure prior to the 
mixing with the extracted air, so that backflow of the re- 
circulation air is prevented and the mixing can be per- 
formed smoothly. The selectively penneable membrane 
of which the penneabllity for nitrogen is made higher 
than the permeability for oxygen can be utilized. In this 
case, preferably the oxygen-concentrated air is expand- 
ed by the expansion turbine, and the output of the ex- 
pansion turbine is employed as power for driving at least 
one of the cooling device compressor and the compres- 
sor for compressing prior to mixing. In this way, the ex- 
pansion work of the expansion turbine can be effectively 
utilized. 

[0015] Furthenmore, preferably the air conditioner Is 
provided with an auxiliary extracted airflow path through 
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which the extracted air flows and a changeover valve 
connected with this auxiliary extracted airflow path and 
the recirculation air flow path, upstream of the compres- 
sor for compressing prior to mixing, wherein the change- 
over valve is made capable of changing over between 
a first condition and a second condition, when the 
changeover valve is in the first condition, the recircula- 
tion air is fed to the compressor for compressing prior 
to mixing and the flow of the extracted air from the aux- 
iliary extracted air flow path to the compressor for com- 
pressing prior to mixing is cut off, and when the change- 
over valve Is in the second condition, the extracted air 
Is fed from the auxiliary extracted air flow path to the 
compressor for compressing prior to mixing and the flow 
of the recirculation air is cut off. When the changeover 
valve is In the second condition, the extracted air is com- 
pressed by the compressor for compressing priorto mix- 
ing instead of the recirculation air and the auxiliary ex- 
tracted air flow path is connected with the air flow path 
of the extracted air through the recirculation air flow 
path. In this way, when the pressure of the extracted air 
is extremely low, instead of supplying the extracted air 
directly into the cooling device, the extracted air com- 
pressed by the compressor for compressing priorto mix- 
ing can be supplied into the cooling device without sup- 
plying the recirculation air compressed by the compres- 
sor for compressing prior to mixing, in this way, it is de- 
sirable to put the changeover valve into the second con- 
dition for example in a condition in which the aircraft is 
descending. Specifically, when the aircraft is descend- 
ing, the air capacity in the fuel tanks becomes large as 
a result of the fuel being used up and it is necessary to 
supply a large amount of nitrogen -enriched gas into the 
fuel peripheral region because of the Increase in air 
pressure of outside fuselage produced by the descent. 
Consequently, the air pressure supplied to the cooling 
device should be a value such as to obtain a sufficient 
flow rate of nitrogen-enriched gas in the air separating 
section. As a result, during descent in which the extract- 
ed air pressure shows a considerable drop due to throt- 
tling of the engine output, it becomes difficult to supply 
the extracted air directly to the cooling device. Further- 
more, during descent, the pressure of the extracted air 
Is still often higher than the pressure of the recirculation 
air Consequently, by compressing the extracted air by 
the compressor for compressing priorto mixing instead 
of the recirculation air, the energy required for operation 
of the compressor for compressing prior to mixing can 
be reduced in an amount corresponding to the differ- 
ence of the pressure of the extracted air and the recir- 
culation air. The power consumption of the equipment 
as a whole i.e. the energy consumption can thereby be 
further reduced. 

It is further desirable that the compressor for com- 
pressing prior to mixing has a plurality of compression 
sections, and a mechanism capable of changing over 
between a condition in which at least two or more of the 
compression sections are connected in series and a 



condition in which they are connected in parallel is pro- 
vided. In this case, preferably the plurality of compres- 
sion sections are connected in series when the change- 
over valve is in the first condition and are connected in 

5 parallel when the changeover valve is in the second con- 
dition. In this way if the compression ratio in each of the 
compression section of the compressor for compressing 
prior to mixing Is made practically the same when the 
changeover valve is in the first condition and when it is 

10 in the second condition, the flow rate in the compressor 
for compressing prior to mixing at the time the change- 
over valve is in the second condition can be made great- 
er than that at the time the changeover valve is in the 
first condition by a factor of about the number of the com- 

15 pression sections. In this way, increase in power con- 
sumption can be prevented by putting the changeover 
valve in the second condition in a condition where the 
aircraft is descending. There is therefore no need to in- 
crease the number of the compressor for compressing 

20 prior to mixing in order to guarantee the air flow rate 
when the aircraft is descending. Meanwhile, when the 
aircraft is descending, high propellant force is not need- 
ed and the capacity of the extracted air quantity is in- 
creased. Therefore, the second condition does not 

25 cause the increase load of the engine. 

[0016] Preferably, at least one of the cooling device 
compressor and the compressor for compressing prior 
to mixing is supplied with at least part of the power nec- 
essary for its driving from a motor. 

30 [001 7] In this way, the difference obtained by subtract- 
ing the expansion work of the expansion turbine from 
the total of the compression work of the cooling device 
compressor and the compression work of the compres- 
sor for compressing prior to mixing can be made up by 

35 the power of the motor. 

[001 8] Preferably there is provided a vapor cycle heat 
exchanger unit of high COP (coefficient of perfomriance) 
capable of cooling the recirculation air compressed by 
the compressor for compressing prior to mixing. 

^0 In this way the temperature of the air supplied to 

the cabin can be suitably regulated with little input en- 
ergy. 

[0019] According to the present invention, an aircraft 
air conditioner can be provided that Is capable of con- 

^5 tributing to prevention of occurrence of fuel fires and 
comfort within the cabin is Improved, by Implementing 
OBIGGS in a civil aircraft by reducing the size and 
weight of the equipment, in which the rate and pressure 
of the air feed into the air separating unit can be guar- 

50 anteed without increasing engine load. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

55 

Figure 1 is a layout diagram of an aircraft air condi- 
tioner according to a first embodiment of the present 
invention; 
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Figure 2 is a layout diagram of an aircraft air condi- 
tioner according to a second embodiment of the 
present invention; 

Figure 3 is a layout diagram of an aircraft air condi- 
tioner according to a third embodiment of the 
present invention when the aircraft is on the ground; 
Figure 4 is a layout diagram of an aircraft air condi- 
tioner according to the third embodiment of the 
present invention when the aircraft is climbing; 
Figure 5 is a layout diagram of an aircraft air condi- 
tioner according to the third embodiment of the 
present invention when the aircraft is cruising at 
high attitude; 

Figure 6 is a layout diagram of an aircraft air condi- 
tioner according to the third embodiment of the 
present invention when the aircraft is descending; 
Figure 7 is a layout diagram of an adsorption section 
in an aircraft air conditioner according to a modified 
example of the present invention; 
Figure 8 is a diagram of the construction of an air- 
craft air conditioner according to a fourth embodi- 
ment of the present invention; 
Figure 9 is a view illustrating the mechanism for 
changing over connection with the compressor for 
compressing prior to mixing when the fifth change- 
over valve is in the first condition, in a modified ex- 
ample of the fourth embodiment of the present in- 
vention; 

Figure 10 is a view illustrating the mechanism for 
changing over connection with the compressor for 
compressing prior to mixing when the fifth change- 
over valve is in the second condition, in a modified 
example of the fourth embodiment of the present 
invention; 

Figure 11 is a layout diagram of an aircraft air con- 
ditioner according to a fifth embodiment of the 
present invention; 

Figure 12 is a diagram of the arrangement of the air 
separating unit in an aircraft air conditioner accord- 
ing to the fifth embodiment of the present invention; 
Figure 13 is a layout diagram of the air separating 
unit in an aircraft air conditioner according to the fifth 
embodiment of the present invention; and 
Figure 14 is a layout diagram of a prior art aircraft 
air conditioner 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021 ] tn the aircraft air conditioner of the first embod- 
iment shown In Figure 1 , extracted air from an engine 1 
is cooled by a heat exchanger called a pre-cooler 2 and 
adjusted in flow rate by a flow rate adjusting valve 39 
before being practically adiabatically compressed by a 
radial compressor 3. The degree of opening of the flow 
rate control valve 39 can be regulated in accordance 
with a signal from a controller (not shown). The air that 
is thereby raised in temperature is cooled by a heat ex- 



changer called main cooler 4 before being cooled in a 
regenerating heat exchanger 4a, and is fed to a water 
separator 7 for moisture capture. The extracted air that 
is fed to this water separator 7 is fed to an opening/clos- 
5 ing valve 41 and an air separating section 16. The de- 
gree of opening of the opening/closing valve 41 is ad- 
justed by means of a signal from the controller. The air 
that has not permeated through a selectively permeable 
membrane 1 6a of the air separating section 1 6 and the 
10 air flowing out from the opening/closing valve 41 are 
practically adiabatically expanded in an expansion tur- 
bine 5, and thus cooled air is obtained. This cooled air 
is fed into a cabin 8 including the cockpit space of the 
aircraft through the regenerating heat exchanger 4a. 
15 Cooling by external air passing through a ram air flow 
path 9 is performed in the pre-cooler 2 and main cooler 
4. The expansion work of the expansion turbine 5 is uti- 
lized as compressive power by being transmitted to the 
compressor 3 through a shaft 6. When the engine is 
stopped at the aircraft on the ground, it is arranged to 
be possible to supply extracted air from a high-pressure 
air supply unit such as an APU, instead of the engine 1 , 
to the air conditioner. 

[0022] Furthermore, for heating of the cabin 8, a by- 
pass air flow path 11 is provided for feeding the extract- 
ed air from the engine 1 to the cabin 8 without passing 
through the air cycle cooling device constituted by the 
compressor 3 and the expansion turbine 5. This bypass 
air flow path 11 is opened/closed by means of a hot air 
modulating valve 12. The airflow rate flowing through 
the bypass air flow path 11 can be adjusted by making 
the degree of opening of this hot-air modulating valve 
1 2 adjustable by means of a signal from the controller. 
Some of the extracted air is fed into the bypass air flow 
path 11 by opening this hot-air modulating valve 12 with- 
out being cooled by the air cycle cooling device consti- 
tuted by the compressor 3 and the expansion turbine 5. 
The extracted air that is fed to the bypass air flow path 
11 is fed into the cabin 8. The air within the cabin 8 flows 
out through an outflow air flow path 40 in an amount cor- 
responding to the difference, which is obtained by sub- 
tracting the amount discharged from an air flow path to 
outside the fuselage and the amount of leakage from 
the fuselage from the amount supplied from the air con- 
ditioner. Dust and odors are removed by means of a filter 
42 in the outflow air flow path 40. 
[0023] A recirculation air flow path through which air 
flowing out from the cabin 8 is returned to the cabin 8 is 
provided. In this way, the air flowing out from the cabin 
8 becomes recirculation air returning into the cabin 8. 
The recirculation air flowing out from the cabin 8 via the 
outflow air flow path 40 is fed into a compressor 1 7 driv- 
en by a motor 18 for compressing prior to mixing. The 
recirculation air flow path and the flow path for the ex- 
tracted air from the engine 1 are connected to each other 
such that the recirculation air that is retumed to the cabin 
8 after flowing out from cabin 8 Is mixed with the extract- 
ed air. In this embodiment, the recirculation air that is 
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raised in pressure by the compressor 17 for compress- 
ing prior to mixing is mixed with the extracted air sup- 
plied through the flow rate control valve 39, after being 
cooled by external air passing through the ram air flow 
path 9 in the heat exchanger 35a. This mixture of the 
recirculation air and the extracted air is fed into the air 
separating section 16 in accordance with the degree of 
opening of the opening/closing valve 41, after being 
practically adiabaticalty compressed by the compressor 
3 of the air cycle cooling device. 
[0024] Air separating section 16 in this embodiment 
is assumed to be of large processing capacity and suit- 
able for a large aircraft. This air separating section 16 
is constructed by covering a selectively permeable 
membrane 1 6a comprised of a large number of bundled 
hollow fibers with a housing 16b to generate nitrogen- 
enriched gas and oxygen-concentrated air. Conse- 
quently, the permeability of the selectively permeable 
membrane 1 6a for the nitrogen {N2) and for the carbon 
dioxide (CO2) in the air is higher than that for oxygen 
(O2). In this way, the extracted air that has passed 
through the water separator 7 after being cooled by the 
regenerating heat exchanger 4a can be converted into 
nitrogen-enriched gas (in this embodiment of N2=92% 
or more) by passing through the selectively permeable 
membrane 16a. This nitrogen-enriched gas Is dis- 
charged to the space 1 4 outside the fuselage by passing 
through a discharge flow path after being fed to the fuel 
peripheral region 15 such as the interior of the fuel tank 
or fuel pipe setting region. The oxygen concentration of 
the air that has not passed through the selectively per- 
meable membrane 16a is raised. This oxygen-concen- 
trated air, whose oxygen concentration has been in- 
creased, is fed to the expansion turbine 5. The airflow 
rate passing through the selectively pemneable mem- 
brane 1 6a can be adjusted by making the degree of 
opening of the opening/closing valve 41 adjustable by 
means of a signal from the controller. The outside of the 
selectively permeable membrane 16a is of practically 
the same pressure as the pressure outside the fuselage, 
like fuel peripheral region 15. 

[0025] According to the embodiment described 
above, the oxygen-concentrated air from which nitrogen 
is separated by the air separating section 16 is effec- 
tively utilized by being returned to the cabin 8. Also, 
when both the air cycle cooling device and the air sep- 
arating section 16 are functioning, Increase in the 
amount of air extracted from the engine 1 is suppressed 
so that the load on engine 1 can be reduced. By the com- 
pressor 3 of this air cycle cooling device, the pressure 
of the mixture of the recirculation air and the extracted 
air can be raised to the pressure needed for separating 
the air constituents by the selectively pemrieable mem- 
brane 16a of air separating section 16. Also, the recir- 
culation air is pressurized to about the same pressure 
as the pressure of the extracted air by the compressor 
1 7 prior to the mixing with the extracted air, so that back- 
flow of the recirculation air can be prevented and the 



mixing can be performed in a smooth fashion. The out- 
put of the expansion turbine 5 is employed as power for 
driving the compressor 3 when the oxygen-concentrat- 
ed air is expanded by the expansion turbine 5. The ex- 

5 pansion work of the expansion turbine 5 can thereby be 
effectively utilized. Since the compressor 17 for com- 
pressing prior to mixing is supplied with the necessary 
power for driving from the motor 18, the difference ob- 
tained by subtracting the expansion work of the expan- 

10 sion turbine 5 from the total of compressive work of the 
compressor 3 of the cooling device and the compressive 
work of the compressor 1 7 can be made up by the power 
of this motor 18. 

[0026] Figure 2 shows an aircraft air conditioner ac- 
'5 cording to a second embodiment of the present Inven- 
tion. Portions which are different from the first embodi- 
ment are described, and same portions as in the case 
of the first embodiment are given the same reference 
symbols. 

20 In this second embodiment, the compressor 17 

driven by the motor 18 for compressing prior to mixing 
is rotated integrally with the compressor 3 of the air cycle 
cooling device and the expansion turbine 5. In this way, 
this motor 18 is employed as an auxiliary drive source. 

25 Also, a vapor cycle heat exchanger unit 30 is provided 
instead of the heat exchanger 35a. The recirculation air 
that is raised in pressure by the compressor 1 7 is fed to 
the air cycle cooling device through a check valve 39a 
after being cooled by an evaporator 35 of the heat ex- 

30 changer unit 30, and is thereby mixed with the extracted 
air supplied through the flow rate control valve 39. This 
check valve 39a prevents the extracted air from the en- 
gine 1 from flowing back before the recirculation air is 
sufficiently pressurized by the compressor 1 7. The heat 

35 exchanger unit 30 Is constituted by a cooling cycle using 
a coolant such as HFC134a, Specifically, this coolant is 
compressed by a compressor 32 driven by a motor 31 
and condensed in a condenser 33 by discharge of its 
heat to the air outside the fuselage passing through the 

40 ram air flow path 9. The temperature of this condensed 
coolant is lowered by pressure reduction in an expan- 
sion valve 34. The coolant that Is thus brought to a low 
temperature is evaporated by absorption of heat from 
the air as described above in the evaporator 35. By 
adopting the vapor cycle heat exchanger unit 30, a high 
energy consumption efficiency (or COP) can be 
achieved, so a large quantity of heat can be discharged 
by a small amount of energy. Other details are the same 
as in the case of the first embodiment. 

50 With this second embodiment, the same benefits 
as In the case of the first embodiment can be presented. 
Furthennore, by cooling the recirculation air by means 
of the vapor cycle heat exchanger unit 30, the temper- 
ature of the air that is supplied to the cabin 8 can be 

55 appropriately regulated. Since the output of the expan- 
sion turbine 5 is employed as power for driving the com- 
pressor 3 and the compressor 1 7 for compressing prior 
to mixing, the expansion work of the expansion turbine 



6 



11 



EP1 273 514 A2 



12 



5 can be effectively utilized. Since the power that is nec- 
essary for drive of the compressor 3 and the compressor 
17 for compressing prior to mixing is supplied from the 
motor 18, the difference obtained by subtracting the ex- 
pansion work of the expansion turbine 5 from the total 5 
of the compression work of the compressor 3 and the 
compression work of the compressor 1 7 for compress- 
ing prior to mixing can be made up by the power of the 
motor 18. 

{0027] Figure 3 to Figure 6 illustrate an aircraft air con- 
ditioner according to a third embodiment of the present 
invention. Parts which are the same as in the first em- 
bodiment are shown with the same reference symbols 
and the points of difference are described. Figure 3 
shows the condition when the aircraft is on the ground, 
Figure 4 shows the condition when it is climbing after 
take-off, Figure 5 shows the condition of cruising at high 
altitude and Figure 6 shows the condition when de- 
scending. 

[0028] In the aircraft air conditioner of this embodi- 
ment, air extracted from the engine 1 is cooled by a heat 
exchanger called a pre-cooler 2 and is compressed 
practically adiabatically by a radial compressor 3 after 
adjustment of the flow rate by a flow rate control valve 
39. The degree of opening of this flow rate control valve 
39 can be adjusted by means of a signal from a control- 
ler 25. The air which has thereby been raised In temper- 
ature is cooled by a heat exchangercalled a main cooler 
4 then cooled by a regenerating heat exchanger 4a and 
fed to a water separator 7 for moisture capture. The ex- 
tracted air fed to this water separator 7 is fed to an open- 
ing/closing valve 41 and an air separating section 16. 
The degree of opening of this opening/closing valve 41 
is adjusted by means of a signal from the controller 25. 
The air remaining in this air separating section 1 6 with- 
out passing through the selectively pemieable mem- 
brane 1 6a and the air flowing out from this opening/clos- 
ing valve 41 are practically adiabatically expanded by 
an expansion turbine 5, and cooled air is thereby ob- 
tained. This cooled air is fed into a cabin 8 including a 
cockpit space of the aircraft through a regenerating heat 
exchanger 4a. Cooling by external air passing through 
a ram air flow path 9 is performed in the pre-cooler 2 
and main cooler 4. The expansion work of the expansion 
turbine 5 is utilized as compressive power by being 
transmitted to the compressor 3 through a shaft 6 . A mo- 
tor 6a for supplementing the necessary power for driving 
the compressor 3 is mounted on the shaft 6 connecting 
the compressor 3 with the turbine 5. When the aircraft 
descends, the pressure of the extracted air from the en- 
gine 1 is low, so pressurization can be effected up to the 
pressure that is appropriate for the air separating sec- 
tion 16 by the power assistance provided by the motor 
6a. 

It is an^anged that when the engine is stopped with 
the aircraft on the ground, extracted air from a pressu- 
rized air supply unit such as an APU instead of the en- 
gine 1 can be supplied to the air conditioner. 



[0029] A bypass air flow path 1 1 is provided for feed- 
ing extracted air from the engine 1 to the cabin 8 without 
passing through the air cycle cooling device. This by- 
pass air flow path 11 is opened/closed by means of a 
hot air modulating valve 12. The degree of opening of 
this hot-air modulating valve 12 is made adjustable by 
means of a signal from the controller 25. In this way, the 
flow rate of the air flowing through the bypass air flow 
path 11 can be adjusted. Some of the extracted air is 
fed into the bypass air flow path 11 by opening the hot- 
air modulating valve 12, without being cooled by the air 
cycle cooling device constituted by the compressor 3 
and expansion turbine 5. The air within the cabin 8 flows 
out through an outflow air flow path 40 in an amount cor- 
responding to the difference, which is obtained by sub- 
tracting the amount discharged from an air flow path to 
outside the fuselage and the amount of leakage from 
the fuselage from the amount supplied by the air condi- 
tioner, in the outflow air flow path 40, dust and odors are 
removed from the air by means of a filter 42. 
[0030] A first adsorption section 23 and a second ad- 
sorption section 24 are connected to the bypass air flow 
path 11 and the outflow air flow path 40 through an air 
flow path changeover mechanism 50. The air flow path 
changeover mechanism 50 of this embodiment com- 
prises a first changeover valve 21 and a second change- 
over valve 22. Each of the adsorption section 23, 24 is 
provided with adsorption agent 23b, 24b packed in a 
container 23a, 24a. Each adsorption agent 23b, 24b ad- 
sorbs molecules contained in the air and releases the 
adsorbed molecules by being raised In temperature to 
more than the temperature on adsorption. For example, 
the adsorption sections 23, 24 can be constituted of a 
water molecule adsorbing substance such as silica gel 
and/or an oxygen molecule adsorbing substance such 
as zeolite. In this embodiment, water molecule adsorp- 
tion substance is used as the adsorption agent 23b, 24b. 
[0031] By means of the air flow path changeover 
mechanism 50, each of the adsorption sections 23, 24 
is made to be capable of being changed over between 
a condition connected to the bypass air flow path 1 1 and 
a condition connected to the outflow air flow path 40. In 
this embodiment, the bypass air flow path 11 is alter- 
nately connected with the first adsorption section 23 and 
the second adsorption section 24 so that the extracted 
air flowing through the bypass air flow path 1 1 passes 
alternately through the first adsorption section 23 and 
the second adsorption section 24. Also, the outflow air 
flow path 40 is alternately connected with the first ad- 
sorption section 23 and the second adsorption section 
24 so that the air flowing through the outflow air flow 
path 40 is alternately passed through the first adsorption 
section 23 and the second adsorption section 24. 

The first changeover valve 21 is changed over be- 
tween a first condition shown by broken lines in the fig- 
ure and a second condition shown by solid lines in the 
figure. In the first condition, air fed to the bypass air flow 
path 11 from the engine 1 is fed to the first adsorption 
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section 23, and air flowing out from the second adsorp- 
tion section 24 is fed to a compressor 1 7 for compress- 
ing prior to mixing. In this second condition, air that is 
fed to the bypass air flow path 11 from the engine 1 is 
fed to the second adsorption section 24, and air that 
flows out from the first adsorption section 23 is fed to 
the compressor 17. 

The second changeover valve 22 Is changed over 
between a first condition indicated by broken lines in the 
figure and a second condition Indicated by solid lines in 
the figure. In this first condition, air flowing out from the 
first adsorption section 23 Is fed to a third changeover 
valve 27, and air flowing out from the cabin 8 is fed to 
the second adsorption section 24. In this second condi- 
tion, air flowing out from the second adsorption section 
24 is fed to the third changeover valve 27 and air flowing 
out from the cabin 8 Is fed to the first adsorption section 
23. 

[0032] The air flow path changeover mechanism 50 
Is controlled by the controller 25 mounted on the aircraft. 
By means of this control, each of the adsorption sections 
23 and 24 Is changed over between a condition connect- 
ed to the bypass air flow path 11 and a condition con- 
nected to the outflow air flow path 40. That is, the two 
changeover valves 21 and 22 are changed over be- 
tween the first condition and second condition by means 
of changeover signals sent at set time intervals set by 
means of an incorporated timer or the like in the control- 
ler 25. When the first changeover valve 21 is in the first 
condition, the second changeover valve 22 is in the first 
condition. When the first changeover valve 21 is in the 
second condition, the second changeover valve 22 is in 
the second condition. Specifically, the air flow path 
changeover mechanism 50 is controlled such that, when 
the extracted air flowing In the bypass air flow path 11 
passes through one of the two adsorption sections 23, 
24, the air flowing in the outflow air flow path 40 passes 
through the other of the two adsorption sections 23, 24, 
and when the extracted air flowing in the bypass air flow 
path 1 1 passes through the other of the two adsorption 
sections 23, 24, the air flowing in the outflow air flow 
path 40 passes through the aforementioned one of the 
two adsorption sections 23, 24. 
[0033] In this way, after being fed to one or other of 
the two adsorption sections 23, 24 through the first 
changeover valve 21 , the extracted air that is fed to the 
bypass air flow path 11 by opening of the hot-air modu- 
lating valve 1 2 is fed to the second changeover valve 
22. The air that is fed to the second changeover valve 
22 from the adsorption sections 23, 24 is fed to the third 
changeover valve 27. The third changeover valve 27 is 
capable of changing over the air flow path between a 
condition in which the air that is fed thereto is released 
to the space 14 outside the fuselage and a condition in 
which itisfedto the cabin 8, under the control of asignal 
from the controller 25. 

[0034] The air flowing out from the cabin 8 to the out- 
flow air flow path 40 Is fed to one or other of the two 



adsorption sections 23, 24 from the second changeover 
valve 22, and is then fed to the compressor 17 driven 
by the motor 18. The air that has been raised in pressure 
by the compressor 17 is cooled by an evaporator 35 of 
5 a vapor cycle heat exchanger unit 30 before being fed 
to a fourth changeover valve 36. The fourth changeover 
valve 36 is capable of changing over the air flow path 
between a condition in which the air that is fed thereto 
is fed to the cabin 8 and a condition In which it is fed to 
10 the air cycle cooling device, under the control of a signal 
from the controller 25. The heat exchanger unit 30 is 
constituted by a cooling cycle using a refrigerant such 
as HFC134a. Specifically, the refrigerant is compressed 
by a compressor 32 driven by a motor 31 and con- 
's densed in a condenser 33 by discharge of its heat to the 
air outside the fuselage through the ram air flow path 9. 
The temperature of the compressed refrigerant Is low- 
ered by pressure reduction with an expansion valve 34. 
The refrigerant that has thus been brought to a low tem- 
perature is evaporated by adsorption of heat from the 
air as described above in the evaporator 35. 
[0035] A recirculation air flow path is constituted so 
that air flowing out through the outflow air flow path 40 
from the cabin 8 is returned to the cabin 8 through the 
fourth changeover valve 36. Specifically, the fourth 
changeover valve 36 effects changeover between the 
case where air flowing out from the cabin 8 is returned 
directly to the cabin 8 and the case where the air is re- 
turned to the cabin 8 through the air cycle cooling de- 
vrce. In this way, the air flowing out from the cabin 8 be- 
comes recirculation air that returns to the cabin 8. This 
recirculation air flow path and the air flow path of the 
extracted air from the engine 1 are connected to each 
other so that the recirculation air that is returned to the 
cabin 8 after flowing out from the cabin 8 is mixed with 
the extracted air. In this embodiment, the recirculation 
air that is fed to the air cycle cooling device through the 
fourth changeover valve 36 is mixed with the extracted 
air supplied through the flow rate control valve 39. This 
mixture of the recirculation air and the extracted air is 
fed into the air separating section 16 after being practi- 
cally adiabatlcally compressed by the compressor 3 of 
the air cycle cooling device. 
[0036] The temperature of the extracted air fed into 
the bypass air flow path 1 1 through the pre-cooler 2 from 
the engine 1 is 1 00°C to 140**C, and the temperature of 
the air fed into the outflow air flow path 40 from the cabin 
8 is 20''C to 30^*0. In this way. the adsorption agent 23b, 
24b adsorbs active constituents (in this case water mol- 
ecules) contained In the air flowing out from the cabin 
8, when its temperature is lowered by the air flowing out 
from the cabin 8 and passing through therein. The ad- 
sorption agent 23b, 24b releases the water molecules 
adsorbed from the air flowing out from the cabin 8 into 
the extracted air and is thus regenerated, when its tem- 
perature is heightened by the extracted air flowing out 
from the engine 1 and passing through therein. For ex- 
ample, If the adsorption agent 23b, 24b is silica gel. 1 .0 
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kg of silica gel can adsorb 0.25 kg or more of water mol- 
ecules at 20°C, but 1 .0 kg of silica gel can only adsorb 
0.02 kg or less of water molecules at 1 00°C. In this way, 
water molecules in the air flowing out from the cabin 8 
are adsorbed by the adsorption agent 23b, 24b and re- 
turned to the cabin 8 by being released into the air ex- 
tracted from the engine 1 , thereby improving the comfort 
of the cabin 8. In addition, the adsorption agent 23b, 24b 
is regenerated so that it can be used again. If zeolite, 
which functions as an oxygen molecule adsorbing sub- 
stance, is employed for the adsorption agent 23b, 24b, 
the oxygen molecules in the air flowing out from the cab- 
in 8 are adsorbed by the adsorption agent 23b, 24b and 
returned to the cabin 8 by being released into the air 
extracted from the engine 1 , thereby improving comfort 
of the cabin 8. In addition, the adsorption agent 23b, 24b 
is regenerated so that it can be re-used. Also, comfort 
of the cabin 8 can be even further improved by consti- 
tuting the adsorption sections 23, 24 both of adsorption 
agent that can adsorb water molecules and adsorption 
agent that can adsorb oxygen molecules, thereby ena- 
bling both moisture and oxygen to be adsorbed. In this 
case, preferably silica gel and zeolite are arranged in 
alternate layer fashion. 

[0037] The air separating section 16 in this embodi- 
ment is assumed to be of large processing capacity and 
suitable for a large aircraft. This air separating section 
1 6 is constructed by covering a selectively permeable 
membrane 1 6a comprised of a large number of bundled 
hollow fibers with a housing 16b to generate nitrogen- 
enriched gas and oxygen-concentrated air Conse- 
quently, the permeability of the selectively permeable 
membrane 16a for the nitrogen {N2) and for the carbon 
dioxide (COg) in the air is higher than that for oxygen 
(O2). In this way, the extracted air that has passed 
through the water separator 7 after being cooled by the 
regenerating heat exchanger 4a can be converted into 
nitrogen-enriched gas (in this embodiment of N2=92% 
or more) by passing through the selectively permeable 
membrane 16a. This nitrogen-enriched gas is dis- 
charged to the space 1 4 outside the fuselage by passing 
through a discharge flow path after being fed to the fuel 
peripheral region 15 such as the interior of the fuel tank 
or fuel pipe setup region. The oxygen concentration of 
the air that has not passed through the selectively per- 
meable membrane 16a is raised. This oxygen-concen- 
trated air, whose oxygen concentration has been in- 
creased, is fed to the expansion turbine 5. The airflow 
rate passing through the selectively penneable mem- 
brane 1 6a can be adjusted by making the degree of 
opening of the opening/closing valve 41 adjustable by 
means of a signal from the controller 25. The outside of 
the selectively permeable membrane 1 6a is of practical- 
ly the same pressure as the pressure outside the fuse- 
lage, like fuel peripheral region 15. 
[0038] In the cooling condition on the ground shown 
in Figure 3, the air cycle cooling device constituted by 
the compressor 3 and expansion turbine 5 can be fully 



actuated by putting the flow rate control valve 39 in open 
condition. 

In this case, the degree of opening of the opening/ 
closing valve 41 can be selected as required. Specifi- 

5 cally, by fully opening the opening/closing valve 41 , ar- 
rangement can be made such that air is not introduced 
into the air separating section 1 6. This can therefore be 
associated with the case in which additional supply of 
nitrogen-enriched gas to the fuel peripheral region 15 is 

10 unnecessary, since the empty volume in the interior of 
the fuel tank becomes small because of fuel being load- 
ed on the ground, there is no change in atmospheric 
pressure, and fuel consumption is minimal even includ- 
ing taxiing. 

'5 Alternatively, by closing the opening/closing valve 

41 , air can be introduced into the air separating section 
16. In this way, safety can be improved by diluting the 
fuel gas evaporated from the fuel tank with nitrogen-en- 
riched gas supplied from the air separating section 1 6 

20 whilst the aircraft is in standby on the ground. 

When there is high temperature and high humidity 
on the ground, moisture in the air can be released to 
outside the fuselage by closing the opening/closing 
valve 41 , because the moisture permeability of the se- 

25 lectively permeable membrane 1 6a is high. In this way, 
the moisture in the air introduced into the expansion tur- 
bine 5 is reduced and the generation of heat of conden- 
sation is reduced, so that the cooling capacity can be 
increased and the humidity in the cabin 8 can be re- 

30 duced. 

Also, in cooling conditions on the ground at high 
temperature and high humidity, regeneration of the ad- 
sorption agent 23b, 24b can be performed by opening 
the hot-air modulating valve 12 somewhat. Air contain- 

35 ing a lot of moisture that is used for this regeneration is 
discharged to the space 1 4 outside the fuselage through 
the third changeover valve 27. In this way, in the case 
of cooling on the ground, the moisture within the cabin 
8 is captured and discharged by the adsorption sections 

40 23, 24, so comfort can be improved by suppressing the 
rise of humidity within the cabin 8 and furthermore low- 
ering of the cabin cooling capacity can be prevented by 
preventing dew formation in the evaporator 35 of the 
heat exchanger unit 30. Full actuation of the heat ex- 

45 changer unit 30 can thereby be pennitted, whereby the 
cooling capacity of the cabin 8 is increased in combina- 
tion with the air cycle cooling device. Also, the moisture- 
expelled air flowing out from the adsorption sections 23, 
24 after flowing out from the cabin 8 is made flow back 

50 to the cabin 8 from the fourth changeover valve 36. 
[0039] In the condition shown in Figure 4 in which the 
aircraft has taken off and is climbing, the output of the 
engine 1 is raised, so the pressure of the extracted air 
becomes high. Consequently, the expansion ratio In the 

S5 turbine 5 of the air cycle cooling device becomes large 
and therefore lower temperature air is supplied. In this 
case, it is necessary to prevent excessive lowering of 
the temperature within the cabin 8 by the air supplied 
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from the air cycle cooling device. Also, in the condition 
in which the aircraft is climbing, the temperature of the 
external air and its water vapor content are rapidly fall- 
ing, so it is necessary to prevent excess drop of humidity 
within the cabin 8. Consequently, the warm extracted air 
containing water vapor regenerated in the adsorption 
sections 23, 24 is supplied to the cabin 8 through the 
third changeover valve 27. Also, by making the heal ex- 
changer unit 30 behave in accordance with conditions 
during ascent of the aircraft, the moisture-removed air 
flowing out from the adsorption sections 23, 24 after 
flowing out from the cabin 8 is made to flow back to the 
cabin 8 from the changeover valve 36, so the cabin 8 is 
maintained at the appropriate temperature and humidi- 
ty. 

Also, in climbing conditions, by gradually throttling 
the degree of opening of the opening/closing valve 41 , 
the air that is supplied to the air separating section 16 
Is gradually increased. In this way, nitrogen-enriched 
gas is supplied from the air separating section 1 6 to the 
fuel peripheral region 15 in an amount in accordance 
with the fuel consumption. Furthemiore, since the pres- 
sure of supply of the extracted air is high, if the expan- 
sion energy of the expansion turbine 5 is considerably 
higher than the compression work of the compressor 3, 
energy recovery by making motor 6a function as a gen- 
erator is also possible. 

[0040] In the condition when cmising at high altitude 
shown in Figure 5, the moisture-removed air flowing out 
from the adsorption sections 23, 24 after flowing out 
from the cabin 8 is fed to the compressor 3 from the 
changeover valve 36 after being increased in pressure 
by the compressor 1 7. In this way, the rate of air fed into 
the air cycle cooling device and the air separating sec- 
tion 16 can be guaranteed, even if the rate of air extrac- 
tion from the engine 1 is reduced after completion of as- 
cent by throttling the output of engine 1. At this point, 
the opening/closing valve 41 is throttled considerably. 
Oxygen-concentrated air from the air separating section 
16 is fed to the expansion turbine 5. In addition, air 
whose humidity has been increased in the adsorption 
sections 23, 24 is fed to the cabin 8 from the third 
changeover valve 27. In this way, the rate of air supply 
to the cabin 8 is guaranteed, so lowering of oxygen par- 
tial pressure within the cabin 8 is prevented and further- 
more comfort can be maintained by maintaining the hu- 
midity. Also, nitrogen-enriched gas from the air separat- 
ing section 16 is supplied to the fuel peripheral region 
15. 

Preferably, since the air outside the fuselage is at 
low temperature when cruising at high altitude, a valve 
that throttles the air outside the fuselage flowing into the 
heat exchangers 2.. 4 or a flow path changeover valve 
with a bypass flow path for allowing the air outside the 
fuselage to bypass the heat exchangers 2, 4 is provided 
in the ram air path. 

[0041] In the condition shown in Figure 6 in which the 
aircraft is descending, the empty volume in the interior 



of the fuel tank becomes large as a result of consump- 
tion of fuel and atmospheric pressure rises due to the 
descent, so supply of a targe quantity of nitrogen-en- 
riched gas to the fuel peripheral region 1 5 is necessary. 

5 Furthemiore, since the output of the engine 1 is severely 
throttled during descent, pressure of the extracted air 
supplied to the air cycle cooling device is low, making it 
difficult to ensure the rate of air extraction. Accordingly, 
the drop in the rate of air extraction in the air cooling 

10 device is made up by increasing the rate of supply of the 
recirculation air by feeding air flowing out from the cabin 
8 to the compressor 3 via the changeover valve 36 . Also, 
nitrogen enriched gas is supplied from the air separating 
section 1 6 to the fuel peripheral region 1 5 by fully closing 

^5 the opening/closing valve 41 . In addition, drop in the rate 
of air supply to the cabin 8 is prevented by feeding air 
humidified in the adsorption sections 23, 24 from the 
third changeover valve 27 to the cabin 8. In this case, 
the temperature of the cabin 8 is regulated by operating 

20 the heat exchanger unit 30 so that excessive heating is 
not applied to the cabin 8. 

[0042] According to the third embodiment described 
above, necessary constituent molecules contained in 
the air flowing out from the cabin 8 can be returned into 

25 the cabin 8. Also, the adsorption agent 23b. 24b is re- 
generated so that these molecules in the air can again 
be adsorbed. The adsorption and release of water mol- 
ecules by the adsorption agent 23b, 24b contribute to 
maintaining humidity within the cabin 8. If oxygen mol- 

30 ecules are adsorbed and released by the adsorption 
agent 23b, 24b, this can contribute to maintaining the 
oxygen concentration in the cabin 8. Furthemiore, re- 
generation of the air within the cabin 8 can be achieved 
by a straightforward construction merely involving addi- 

35 tion of the adsorption sections 23, 24 and the air flow 
path changeover mechanism 50. The air flow rate flow- 
ing through the bypass air flow path 11 is made adjust- 
able, so that it is possible to maintain an appropriate 
temperature within the cabin 8 by adjusting the ratio of 

40 the rate of air fed into the cabin 8 after cooling by the air 
cycle cooling device to the rate of air fed into the cabin 
8 without such cooling. 

Also, it is possible to prevent occurrence of fuel 
fires by the nitrogen-enriched gas separated by the se- 

45 lectively pemieable membrane 16a. The oxygen-con- 
centrated air separated by the selectively permeable 
membrane 16a contributes to maintaining the oxygen 
concentration within the cabin 8 (i.e. the oxygen partial 
pressure is maintained at the level on the ground even 

50 though the atmospheric pressure within the aircraft has 
become a pressure lower than that on the ground). At 
least water molecules In the air flowing out from the cab- 
in 8 through the outflow air flow path 40 is adsorbed by 
the adsorption agent 23b. 24b. After passing through the 

55 adsorption sections 23, 24, the air flowing out from the 
cabin 8 is compressed by the compressor 1 7 and is fur- 
themiore raised in pressure by the compressors, before 
being supplied to the selectively pemneabie membrane 
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1 6a of the air separating section 16. In this way, the air 
flowing out from the cabin 8 can be again fed Into the 
cabin 8 as oxygen-concentrated air, so the necessary 
air flow rate to control the pressure within the cabin 8 
can be ensured without Increasing the rate of air extrac- 
tion from the engine 1 . Also, nitrogen-enriched gas can 
be efficiently obtained by compressing the air fed to the 
selectively permeable membrane 16a. Furthermore, 
when the rate of air extraction from the engine 1, the 
temperature, the humidity, the oxygen concentration 
and/or the pressure of the external air change in accord- 
ance with the flying conditions of the aircraft, the tem- 
perature, humidity, oxygen concentration and pressure 
within the cabin 8 can be optimally maintained. In addi- 
tion, when the extracted air containing the moisture re- 
leased from the adsorption agent 23b, 24b is excessive- 
ly humid, dew formation of the air cycle cooling device 
can also be prevented by releasing it to the space 14 
outside the fuselage. 

[0043] According to the third embodiment described 
above, the oxygen-concentrated air from which nitrogen 
Is separated by the air separating section 16 can be ef- 
fectively utilized by being returned to the cabin 8. Also, 
when both the air cycle cooling device and the air sep- 
arating section 16 are functioning, the load on engine 1 
can be reduced by suppressing increase of the rate of 
air extraction from the engine 1. By utilizing the com- 
pressor 3 of the air cycle cooling device, the pressure 
of the mixture of the recirculation air and the extracted 
air can be Increased up to the pressure needed for sep- 
arating the air constituents by the selectively permeable 
membrane 16a of the air separating section 16. Also, 
the recirculation air Is pressurized to about the same 
pressure as the pressure of the extracted air by the com- 
pressor 17 prior to the mixing with the extracted air, so 
that backflow of the recirculation air can be prevented 
and the mixing perfomried in a smooth manner When 
the oxygen -concentrated air is expanded by the expan- 
sion turbine 5, the output of this expansion turbine 6 is 
employed as power for driving the compressor 3. The 
expansion work of the expansion turbine 5 can thereby 
be effectively utilized. Since the compressor 3 and the 
compressor 17 for compressing prior to mixing are sup- 
plied with the necessary power for driving from the mo- 
tors 6a and 18, the difference obtained by subtracting 
the expansion work of the expansion turbine 5 from the 
total of compressive work of the compressor 3 of the 
cooling device and the compressive work of the com- 
pressor 1 7 can be made up by the power of these motors 
6a, 18. In addition, the temperature of the air supplied 
to the cabin 8 can be suitably adjusted by cooling the 
recirculation air by the vapor cycle heat exchanger unit 
30. 

[0044] Figure 7 shows a modified example of the ad- 
sorption sections and air flow path changeover mecha- 
nism. In this modified example, a large number of ad- 
sorption sections 83 extending in the direction of the axis 
of rotation are provided in honeycomb fashion in the In- 



terior of a rotary drum 80. Adsorption agent such as sil- 
ica gel is packed within the adsorption sections 83. Sep- 
arators 81 are joined in relatively rotatable fashion via 
sealing members (not shown) at both end faces of this 
5 rotary drum 80. Each separator 81 is constituted by con- 
necting an outer ring 81a with inner ring 81b via two 
amis 81c, and is fixed to the fuselage member of the 
aircraft. The central shaft 80a of the rotary drum 80 Is 
rotatably supported via bearings (not shown) by the in- 
10 ner ring 81b of each of the separator 81 . A motor 82 is 
connected with this central shaft 88, and the rotary drum 
80 is rotated by this motor 82 being driven in response 
to a signal from the controller 25. Two regions 81 d, 81 e 
are defined by the two amis 81c between the outer ring 
15 81a and inner ring 81 b in each of the separators 81 . One 
region 81 d in each of the separators 81 Is connected 
with the bypass air flow path 11 through a piping joint 
84, while the other region 81 e is connected with the out- 
flow air flow path 40 through piping joint 85. In this way, 
an air flow path changeover mechanism is constituted 
wherein changeover is effected by rotation of this rotary 
drum 80 between a condition in which the adsorption 
sections 83 are connected with the bypass air flow path 
11 and a condition in which they are connected with the 
outflow air flow path 40. Other details are the same as 
in the case of the embodiments described above. 
[0045] Figure 8 illustrates an aircraft air conditioner 
according to a fourth embodiment of the present inven- 
tion; portions which are the same as in the third embod- 
iment are shown with the same reference symbols and 
the points of difference are described. In this fourth em- 
bodiment, when the aircraft is on the ground and the en- 
gine is stopped, air extracted from a high-pressure air 
supply unit 1 ' such as an APU instead of from the engine 
1 is supplied to the air conditioner Cold air flowing out 
from the turbine 5 is fed to the cabin 8 including the cock- 
pit space of the aircraft, through a mixing chamber 13 
from the regenerating heat exchanger 4a. Some of the 
air extracted from the engine 1 is fed to the cabin 8 
through the mixing chamber 13 from the bypass air flow 
path 11 by opening the hot-air modulating valve 12. 
[0046] Some of the air flowing out to the outflow air 
flow path 40 from the cabin 8 is fed to the mixing cham- 
ber 13 through a fan F1. An auxiliary air flow path 71 
branched from the outflow air flow path 40 is connected 
with a regenerating heat exchanger 72. Some of the air 
flowing out through the outflow air flow path 40 from the 
cabin 8 is heated by the regenerating heat exchanger 
72 after being fed to the auxiliary air flow path 71 by a 
fan F2. 

[0047] The adsorption section 83 shown in Figure 7 
is connected through the air flow path changeover 
mechanism 50' to the auxiliary air flow path 71 and out- 
flow airflow path 40. Specifically, one region 81 d in each 
separator 81 Is connected with the auxiliary air flow path 
71 through the piping joint 84 while another region 81 e 
is connected with the outflow air flow path 40 through 
the piping joint 85. In this way, the air flow path change- 
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over mechanism 50' that changes over between a con- 
dition in which the adsorption sections 83 are respec- 
tively connected with auxiliary air flow path 71 and a con- 
dition in which they are connected with outflow air flow 
path 40 Is constituted by rotation of the rotary drum 80. 
[0048] The air that is fed to the adsorption section 83 
from the auxiliary air flow path 71 through the regener- 
ating heat exchanger 72 Is fed to the third changeover 
valve 27. The third changeover valve 27 Is capable of 
changing over the air flow path between a condition in 
which air that Is fed thereto is discharged to the space 
14 outside the fuselage and a condition in which it is fed 
to the cabin 8 through the mixing chamber 13, in re- 
sponse to a signal from the controller (not shown). The 
air that is fed into the adsorption section 83 from the 
outflow air flow path 40 is fed to the compressor 1 7 for 
compressing prior to mixing that is driven by the motor 
1 8 through a fifth changeover valve 90. Air that is raised 
in pressure by the compressor 17 Is heat-exchanged 
with air flowing through the auxiliary air flow path 71 in 
the regenerating heat exchanger 72 and is cooled by air 
passing through the ram air path 9 outside the fuselage 
in a radiator 19 that acts instead of the heat exchanger 
unit 30 of the third embodiment; it is then fed to the fourth 
changeover valve 36. The fourth changeover valve 36 
is capable of changing over the air flow path between a 
condition In which air that is fed thereto is fed to the cabin 
8 through the mixing chamber 13 and a condition in 
which it is fed to the air cycle cooling device, in response 
to a signal from the controller. 
[0049] The temperature of the air flowing through the 
auxiliary air flow path 71 is for example about 1 00 to 
1 40 *'C, due to its being heated by the regenerating heat 
exchanger 72. The temperature of the air flowing In the 
outflow air flow path 40 from the cabin 8 is for example 
20 °C to 30 "C. Consequently, since it is at low temper- 
ature when the air that is fed through the outflow air flow 
path 40 from the cabin 8 is flowing, the adsorption agent 
in the adsorption section 83 absorbs active constituents 
(in this case water molecules) contained in the air flow- 
ing out from the cabin 8, In contrast, since it is at high 
temperature when the air that is fed through the auxiliary 
air flow path 71 is flowing, the adsorption agent in the 
adsorption section 83 releases the water molecules ab- 
sorbed from the air introduced through the outflow air 
flow path 40 into the air introduced through the auxiliary 
air flow path 71 and is thus regenerated. 
[0050] An auxiliary extracted air flow path 91 is pro- 
vided through which the extracted air fed from the en- 
gine 1 through a flow rate adjustment valve 89 flows. 
Upstream of the compressor 17 for compressing prior 
to mixing and downstream of the adsorption section 83, 
the fifth changeover valve 90 is connected with the aux- 
iliary extracted air flow path 91 and outflow air flow path 
40 through which the recirculation air flows. The fifth 
changeover valve 90 is capable of being changed over 
between a first condition and a second condition in re- 
sponse to a signal from the controller. When the fifth 



changeover valve 90 is in the first condition, the recir- 
culation air is fed to the compressor 1 7 for compressing 
prior to mixing and the current of the extracted air from 
the auxiliary extracted air flow path 91 to the compressor 

5 1 7 for compressing prior to mixing is cut off. When the 
fifth changeover valve 90 is in the second condition, the 
extracted air is fed from the auxiliary extracted air flow 
path 91 to the compressor 17 for compressing prior to 
mixing and the flow of recirculation air is cut off. 

10 [0051] In this way, the same action and benefits as in 
the case of the third embodiment are presented when 
the fifth changeover valve 90 is in the first condition. 
When the f ifth changeover valve 90 is in the second con- 
dition, the auxiliary extracted air flow path 91 is connect- 

15 ed with the compressor 1 7 for compressing prior to mix- 
ing through a part of the outflow air flow path 40 down- 
stream of the flow rate control valve 89. In this way, in- 
stead of the recirculation air, the extracted air is com- 
pressed by the compressor 1 7 for compressing prior to 

20 mixing and this compressed extracted air is fed to the 
compressor 3 of the air cycle cooling device. Also, when 
the fifth changeover valve 90 is in the second condition, 
the flow rate control valve 39 is fully closed. Conse- 
quently, instead of the recirculation air compressed by 

25 the compressor 1 7 for compressing prior to mixing, the 
total amount of air supplied to the compressor 3 of the 
air cycle cooling device is made up of the extracted air 
compressed by the compressor 1 7. In this way, increase 
in power consumption can be prevented by putting the 

30 fifth changeover valve 90 in the second condition when 
the aircraft is in a descending condition. That is, be- 
cause the empty volume in the fuel tank becomes larger 
during descent of the aircraft because fuel has been 
consumed and because of the rise of atmospheric pres- 

35 sure during descent, a large amount of nitrogen-en- 
riched gas should be supplied to the fuel peripheral re- 
gion 1 5. Furthermore, the pressure of the extracted air 
is higher than the pressure of the recirculation air even 
when descending. Consequently, by compressing the 

40 extracted air rather than the recirculation air by the com- 
pressor 17 for compressing prior to mixing, the energy 
required to operate the compressor 1 7 can be reduced 
by an amount corresponding to the difference of pres- 
sures of the extracted air and the recirculation air. As a 

45 result, the energy consumption of the equipment as a 
whole can be reduced. 

[0052] For example, a case can be Imagined wherein 
the aircraft starts to descend from 42,000 ft (1 2,800 m), 
the internal pressure of the cabin 8 is 11 .3psi (77.9 kPa), 

50 the pressure of the extracted air is about 20 psi (138 
kPa) and it Is necessary that the air pressure at the inlet 
of the compressor 3 should be about 30 psi (207 kPa) 
in order for the air separating section 1 6 to operate nor- 
mally. In this case, if the air pressure at the iniet of the 

55 compressor 3 Is ensured by compressing the recircula- 
tion air by the compressor 17 for compressing prior to 
mixing, the compression ratio of the compressor 17 is 
2.65. In contrast, if the air pressure at the inlet of the 
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compressor 3 is ensured by compressing the extracted 
air by the compressor 17, the compression ratio of the 
compressor 17 is 1 .5. That is, the compression ratio of 
the compressor 17 is reduced, so the energy consump- 
tion can be reduced. Otherwise the constitution is the 
same as in the third embodiment and identical portions 
are indicated by identical reference symbols as in the 
case of the third embodiment. 
[0053] Figure 9 and Figure 10 show a connection 
change over mechanism and a compressor 17' for com- 
pressing prior to mixing according to a fourth embodi- 
ment. This compressor 1 7' for compressing prior to mix- 
ing has two compression sections 17a and 17b con- 
structed by centrifugal vane-wheels. The inlet of one 
compression section 17a is connected with the fifth 
changeover valve 90, and the outlet of this compression 
section 1 7a is connected with a sixth changeover valve 
92. The inlet of the other compression section 17b is 
connected with a seventh changeover valve 93, and the 
outlet of this compression section 17b is connected with 
the regenerating heat exchanger 72. The sixth change- 
over valve 92 and seventh changeover valve 93 consti- 
tute the connection changeover mechanism. When the 
fifth changeover valve 90 is in the first condition shown 
in Figure 9, the sixth changeover valve 92 and seventh 
changeover valve 93 connect the outlet of the one com- 
pression section 1 7a with the Inlet of the other compres- 
sion section 1 7b. When the fifth changeover valve 90 is 
in the second condition shown in Figure 10, the sixth 
changeover valve 92 connects the outlet of the one com- 
pression section 17a with the regenerating heat ex- 
changer 72 and the seventh changeover valve 93 con- 
nects the Inlet of the other compression section 1 7b with 
the fifth changeover valve 90. That is, when the fifth 
changeover valve 90 is in the first condition, the two 
compression sections 1 7a and 1 7b are connected in se- 
ries and when the fifth changeover valve 90 is in the sec- 
ond condition they are connected in parallel. In this way, 
if the compression ratio in the compressor 1 7' for com- 
pressing prior to mixing is made to be about the same 
when the fifth changeover valve 90 is in the first condi- 
tion and when it is in the second condition, the flow rate 
in the compressor 1 T when the fifth changeover valve 
90 Is in the second condition is about twice what it is 
when this valve 90 is in the first condition. In this way, 
increase of power consumption when the aircraft is in a 
descending condition can be prevented by putting the 
fifth changeover valve 90 In the second condition. Thus 
there is no need to increase the number of the compres- 
sors 1 T for compressing prior to mixing In order to en- 
sure the air flow rate during descent of the aircraft. It 
should be noted that the compressor 1 T for compress- 
ing prior to mixing could be provided with three or more 
compression sections. In this case, the compression 
sections that are changed over between the series-con- 
nected condition and the parallel-connected condition 
may be at least two. 

[0054] For example, in descending at 42,000 ft 



(12,800 m), a case can be imagined wherein the com- 
pression ratio at the compression sections 1 7a, 1 7b is 
1 .6 to 1 .7, the air pressure of about 30 psi (207 kPa) and 
the flow rate of about 120 LBS/min (54.4 kg/min) is re- 
5 quired at the inlet of the compressor 3, the recirculation 
air pressure is 11.3 psi (77.9 kPa), the recirculation air 
temperature is 80 "^F (299.8 K), the extracted air pres- 
sure is 20 psi (138 kPa), the extracted air temperature 
is 200 °F (366.5 K). and the efficiency of the compressor 
^0 1 7 for compressing prior to mixing is 75%. In this case, 
assuming that the recirculation air is compressed by the 
compressor 1 7 for compressing prior to mixing, power 
of 1 1 7 kW is required for the compression work and two- 
stage compression is necessary. In contrast, by com- 
'5 pressing the extracted air with the compressor 1 7, pow- 
er of 54.7 kW and a single stage compression is suffi- 
cient. It should be noted that operation of the sixth 
changeover valve 92 and seventh changeover valve 93 
need not be linked with the fifth changeover valve 90. 
For example, If the air temperature on the ground Is not 
high, the cabin cooling capacity does not need to be 
raised, so the inlet pressure of the compressor 3 does 
not need to be very high. Also, the rate of supply of ni- 
trogen-enriched gas to the fuel peripheral region 1 5 can 
be low, so the pressure acting on the selectively perme- 
able membranes of the air separating section need not 
be high. In such cases, the two compression sections 
17a, 17b can be connected In parallel when the fifth 
changeover valve 90 is in the first condition. 
[0055] Figure 11 to Figure 13 illustrate an aircraft air 
conditioner according to a fifth embodiment of the 
present invention; portions which are the same as in the 
fourth embodiment are indicated by the same reference 
symbols and points of difference are described. In this 
fifth embodiment, a nonnally open air flow path 75* for 
feeding air from the compressor 3 to the expansion tur- 
bine 5 is provided. Some of the air flowing through this 
air flow path 75' is fed to the air separating sections 1 6', 
by which a plurality of air separation units U' mutually 
connected in parallel are constituted. Each of the sepa- 
ration units U' is connected with first to third control 
valves 41 a, 41 band 41c. The degree of opening of each 
of the control valves 41 a, 41 b, 41 c is adjusted by signals 
from the controller. The nitrogen-enriched gas and oxy- 
gen-concentrated air are discharged from the air sepa- 
ration units U'. After the nitrogen-enriched gas is fed to 
the fuel peripheral region 15 through the first control 
valve 41a, it is discharged to the space 14 outside the 
fuselage through a discharge path. The oxygen-concen- 
trated air is made capable of being discharged to the 
space 14 outside the fuselage through the second con- 
trol valve 41b and is made capable of being introduced 
into the cabin 8 through the third control valve 41c. The 
air flow rate passing through the air separation units U' 
is made capable of being adjusted by adjustment of the 
degree of opening of each of the control valves 41 a, 41 b, 
41c, The air that is fed into the air flow path 75' is ex- 
panded practically adiabatically by the expansion tur- 
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bine 5. 

[0056] As shown in Figure 1 2, the plurality of air sep- 
aration units U' {four units in the case of this embodi- 
ment) have air inlets U1' that are mutually connected 
and also connected with the air flow path 75*, nitrogen- 
enriched gas outlets U3' that are mutually connected 
and are connected with the fuel peripheral region 15 
through the first control valve 41a and oxygen-concen- 
trated air outlets U2' that are mutually connected. The 
oxygen-concentrated air discharge ports U2' are con- 
nected with space 14 outside the fuselage through the 
second control valve 41b and are connected with the 
cabin 8 through the third control valve 41c. 
[0057] As shown in Figure 1 3, the penneabillty for ox- 
ygen (O2) in the air of the selectively permeable mem- 
brane 16a' constituting the air separating section 16' is 
higher than the penneability for nitrogen (Ng). In this 
way, air that has passed through the water separator 7 
is separated into nitrogen-enriched gas and oxygen- 
concentrated air by the air separating section 16'. The 
selectively permeable membrane 16a' is comprised of 
a large number of hollow fibers. These hollow fibers are 
contained In a container 16c' and bundled by having 
both ends thereof embedded in a resin binder 1 6b*, such 
as epoxy resin. The space between the inner circumfer- 
ence of container 16c' and the outer circumference of 
the two ends of the hollow fibers is sealed using the bind- 
er 16b'. One end aperture of the container 16c' is con- 
nected with one end aperture of each hollow fibers and 
the air inlet UV, and thus it functions as an air introduc- 
tion port 16d' connected with the water separator 7. The 
other end aperture of the container 16c' is connected 
with the other end aperture of each hollow fibers and the 
nitrogen-enriched gas outlet US', and thus it functions 
as a nitrogen-enriched gas discharge port 16r. The ni- 
trogen-enriched gas that is discharged from the nitro- 
gen-enriched gas discharge port 1 6r is introduced into 
the fuel peripheral region 15. The aperture fomned be- 
tween both ends of the container 1 6c' is connected with 
the outer circumference of the hollow fibers and the ox- 
ygen-concentrated air outlet U2\ and thus it functions 
as an oxygen-concentrated air discharge port 1 6e'. The 
oxygen-concentrated air that is discharged from the ox- 
ygen-concentrated air discharge port 16e is made ca- 
pable of being introduced into the cabin 8 without pass- 
ing through the expansion turt^ine 5. That is, the oxygen- 
concentrated air that is reduced in pressure by passing 
through the selectively permeable membranes 1 6a' can 
be introduced into the cabin 8 without passing through 
the expansion turbine 5. In this way, the pressure differ- 
ence between the outlet of the compressor 3 and the 
inlet of the expansion turbine 5 is reduced, so that drop 
in efficiency of the air cycle cooling device can be pre- 
vented. A valve 16g' is provided that opens and closes 
air Introduction port 1 6d' In the air separating section 1 6*. 
Otherwise the constitution is the same as in the fourth 
embodiment and identical portions are indicated by the 
same reference symbols. 



[0058] The present invention is not restricted to the 
embodiments described above. 

For example, the number of the adsorption sec- 
tions in the foregoing embodiments can be three or 

5 more, the number of changeover valves being in- 
creased in accordance with the increase in number of 
the adsorption sections. For example, if the number of 
the adsorption sections is made to be three or more, any 
one or a plurality of adsorption sections can be connect- 

10 ed to the outflow air flow path, the remaining adsorption 
sections being connected to the bypass air flow path, 
wherein the adsorption sections connected to the out- 
flow air flow path and the adsorption sections connected 
to the bypass air flow path are changed over in a pre- 

'5 set sequence at set time intervals. The adsorption 
agents 23b, 24b constituting the adsorption sections 23, 
24 are not restricted to silica gel or zeolite, and other 
adsorption agents which have adsorption capability for 
other substances contained In the air can be employed. 

20 The expansion turbines in the above embodiments can 
be of multi-stage type. 

Controller 25 can be arranged to output changeo- 
ver signals based on signals from temperature sensors, 
moisture sensors, oxygen sensors etc. provided in the 

25 piping etc. connected to the interior of the adsorption 
sections 23, 24 and/or their inlet/outlet ports. As shown 
In Figure 4 to Figure 6 in the embodiments described 
above, the state of the air conditioner is altered by ad- 
justing the degree of opening of the valves 12,39, 41 or 

30 by changing over the changeover valves 21 , 22, 27, 36 
in response to signals from the controller responsive to 
the condition of the aircraft, instead of this, It is possible 
to provide a temperature sensor and/or flow rate sensor 
in the air or coolant flow paths in the air conditioner to 

35 adjust the degree of opening of the valves 1 2, 39, 41 or 
to change over the changeover valves 21 , 22, 27, 36 In 
response to signals from these sensors. 

The extracted air from the engine 1 can be sup- 
plied to the adsorption agent 23b, 24b prior to entry into 

^0 the pre-cooler 2, whereby the adsorption agent 23b, 24b 
can be regenerated with supply of only a small amount 
of air since the temperature of the air is high. In the 
above embodiments, the recirculation air is cooled by 
the vapor cycle heat exchanger unit 30 prior to mixing 

45 with the extracted air, but it is possible to cool the mixture 
of the recirculation air and the extracted air. 

In the embodiment described above, the extracted 
air is mixed with the recirculation air prior to compres- 
sion by the compressor 3, but It is possible to mix the 

50 extracted air compressed by the compressor 3 with the 
recirculation air compressed by the compressor 17 for 
compressing prior to mixing, and then to cool the mixture 
of extracted air and recirculation air by the main cooler 4. 
Furthennore, in the vapor cycle heal exchanger 

55 unit 30, It Is possible to be changed over to a cabin heat- 
ing mode in which the recirculating air is heated by heat 
taken from outside the fuselage depending on condi- 
tions. 



14 



27 



EP1 273 514 A2 



28 



A plurality of units each of which has the compres- 
sor 17 for compressing prior to mixing and the fifth 
changeover valve 90 may be provided so that some of 
the fifth changeover valves 90 may be put in the first 
condition and the remain of the changeover valves 90 
may be put in the second condition. 



Claims 

1 . An aircraft air conditioner wherein air extracted from 
an engine (1 ) is cooled by a cooling device and fed 
into the cabin (8) of the aircraft, comprising: 

an air separating section (16,1 6') having a se- 
lectively permeable membrane (16a, 16a') ar- 
ranged at a position through which air flowing 
in an air flow path of the air conditioner passes, 
so that it separates the air into nitrogen-en- 
riched gas and oxygen-concentrated air, 

wherein the nitrogen-enriched gas can be fed 
into a fuel peripheral region (15) of the aircraft, and 
the oxygen-concentrated air can be fed into the cab- 
in (8). 

2. The aircraft air conditioner according to claim 1 , fur- 
ther comprising: 

a recirculation air flow path through which air 
flowing out from the cabin (8) is returned to the 
cabin (8), 

wherein the recirculation air flow path and the 
air flow path for the extracted air from the engine 
are connected to each other such that recirculation 
air that is returned to the cabin (8) after flowing out 
from the cabin (8) is mixed with the extracted air, 
and 

the mixture of the recirculation air and the ex- 
tracted air is fed into the air separating section (1 6, 
16'). 

3. The aircraft air conditioner according to claim 2, 
wherein the cooling device comprises a compressor 
(3) and an expansion turbine (5); and the mixture of 
the recirculation air and the extracted air is fed into 
the air separating section (16,1 6') after being com- 
pressed by the compressor (3) of the cooling de- 
vice. 

4. The aircraft air conditioner according to claim 2 or 
3, comprising a compressor (1 7, 1 7') for compress- 
ing prior to mixing by which the recirculation air is 
pressurized prior to the mixing with the extracted air. 

5. The aircraft air conditioner according to claim 4, 
wherein the oxygen-concentrated air is expanded 



by the expansion turbine (5), and the output of the 
expansion turbine (5) is employed as power for driv- 
ing at least one of the cooling device compressor 
(3) and the compressor (17, 17') for compressing 
5 prior to mixing. 

6. The aircraft air conditioner according to claim 4 or 
5, wherein at least one of the cooling device com- 
pressor (3) and the compressor (17, 17') for com- 

10 pressing prior to mixing is supplied with at least part 
of the power necessary for its driving from a motor 
(6a, 18). 

7. The aircraft air conditioner according to any of 
15 claims 4 to 6, further comprising a vapor cycle heat 

exchanger unit (30) capable of cooling the recircu- 
lation air compressed by the compressor (17, 17') 
for compressing prior to mixing. 

20 8, The aircraft air conditioner according to any of 
claims 4 to 7 comprising: 

an auxiliary extracted airflow path (91) through 
which said extracted air flows; and 
25 a changeover valve (90) connected with said 

auxiliary extracted air flow path (91) and said 
recirculation air flow path, upstream of said 
compressor (17, 17') for compressing prior to 
mixing, 

30 

wherein said changeover valve (90) is made 
capable of changing over between a first condition 
and a second condition; and 

when said changeover valve (90) is in the first 

35 condition, said recirculation air is fed to said com- 
pressor (1 7, 1 7') for compressing prior to mixing and 
the flow of said extracted air from said auxiliary ex- 
tracted air flow path (91) to said compressor (17, 
17') for compressing prior to mixing is cut off; and 

^0 when said changeover valve (90) is in the sec- 

ond condition, said extracted air is fed from said 
auxiliary extracted air flow path (91) to said com- 
pressor (1 7, 1 7') for compressing prior to mixing and 
the flow of said recirculation air is cut off. 

45 

9. The aircraft air conditioner according to claim 8, 
wherein said compressor (1 7') for compressing pri- 
or to mixing has a plurality of compression sections 
(17a, 17b); and 

50 a mechanism (92, 93) capable of changing 

over between a condition in which at least two or 
more of the compression sections (17a, 17b) are 
connected in series and a condition In which they 
are connected in parallel is provided. 

55 

10. The aircraft air conditioner according to claim 9, 
wherein the plurality of compression sections (1 7a, 
1 7b) are connected in series when said changeover 
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valve (90) is In the first condition and are connected 
in parallel when said changeover valve (90) is in the 
second condition. 

11. The aircraft air conditioner according to claim 3, 5 
wherein a normally open air flow path (75') for feed- 
ing air from said compressor (3) to said expansion 
turbine (5) is provided in said cooling device, some 
of the air flowing through the normally open air flow 
path (75*) being fed to said air separating section io 
(16'), the permeability for oxygen of the selectively 
permeable membrane (16a') being higher than the 
permeability for nitrogen thereof, and the oxygen- 
concentrated air that passes through the selectively 
pemieable membrane is made capable of being in- '5 
troduced Into said cabin (8) without passing through 
said expansion turbine (5). 
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